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n The rational design and construction of a cuboidal
iron–sulfur protein. Christopher D Coldren, Homme W
Hellinga and John P Caradonna. Proc. Natl Acad. Sci. USA
94, 6635–6640.
Rational protein design is an emerging approach for testing
general theories of protein chemistry through the creation of
new structures and functions. Here, the authors present the
first successful introduction by rational design of a [Fe4S4]
cuboidal cluster into the hydrophobic core of Escherichia coli
thioredoxin, a protein normally devoid of metal centers.
Cuboidal [Fe4S4] is one of the stable forms of self-assembled
iron–sulfur clusters that are thought to represent some of the
earliest evolved biological redox centers. [Fe4S4] clusters have
been recruited for use in a variety of proteins whose functions
are central to major biochemical processes ranging from simple
soluble electron-transfer agents, to membrane-bound
components of electron-transfer chains, to electron reservoirs
in complex metalloenzymes such as nitrogenase. By situating a
[Fe4S4] cluster into a protein environment not previously
adapted by evolution, it is possible to explore the factors by
which their activity is modulated by the protein matrix.
June 1997. Proceedings of the National Academy of Sciences
USA.
n Disulphide-bonded intermediate on the folding and
assembly pathway of a non-disulphide bonded protein.
Anne Skaja Robinson and Jonathan King. Nat. Struct. Biol.
4, 450–455.
The trimeric parallel -coil P22 tailspike contains eight
cysteines per chain, but lacks disulphide bonds in the native
state, in both the crystalline and solution forms. However,
cysteines in a folding intermediate are reactive with thiol
blocking reagents, which prevent further productive folding
both in vivo and in vitro. The in vivo refolding yield was
independent of the availability of metal ions, but was sensitive
to redox potential. Isolation by nondenaturing gel
electrophoresis of the protrimer intermediate, a trimeric
folding intermediate that precedes the fully folded trimer in
the in vivo and in vitro pathways, revealed the presence of
interchain disulphide bonds. Incubation of the isolated
protrimer with reducing agents generated the native trimer.
The formation of -sheets with interdigitated strands from
different subunits in the native trimer may require the
transient disulphide bonds for proper alignment. The authors
believe that this is the first report of a disulphide bond
present in a folding intermediate of a non-disulphide bonded
protein.
June 1997. Nature Structural Biology.
n De novo design of the hydrophobic core of ubiquitin.
Greg A Lazar, John R Desjarlais and Tracy M Handel.
Protein Sci. 6, 1167–1178.
These authors have previously reported the development and
evaluation of a computational program to assist in the design
of hydrophobic cores of proteins. In an effort to investigate
the role of core packing in protein structure, they have used
this program, referred to as Repacking of Cores (ROC), to
design several variants of the protein ubiquitin. Nine
ubiquitin variants containing from three to eight hydrophobic
core mutations were constructed, purified, and characterized
in terms of their stability and their ability to adopt a uniquely
folded native-like conformation. In general, designed
ubiquitin variants are more stable than control variants in
which the hydrophobic core was chosen randomly. However,
in contrast to previous results with 434 cro, all designs are
destabilized relative to the wild-type protein. This raises the
possibility that -sheet structures have more stringent packing
requirements than -helical proteins. A more striking
observation is that all variants, including random controls,
adopt fairly well defined conformations, regardless of their
stability. This result supports conclusions from the cro studies
that non-core residues contribute significantly to the
conformational uniqueness of these proteins while core
packing largely affects protein stability and has less impact on
the nature or uniqueness of the fold.
June 1997. Protein Science.
n Redesign of soluble fatty acid desaturases from plants
for altered substrate specificity and double bond
position. Edgar B Cahoon, Ylva Lindqvist, Gunter
Schneider and John Shanklin. Proc. Natl Acad. Sci. USA
94, 4872–4877.
Acyl-acyl carrier protein (ACP) desaturases introduce double
bonds at specific positions in fatty acids of defined chain
lengths and are one of the major determinants of the
monounsaturated fatty acid composition of vegetable oils.
Mutagenesis studies were conducted to determine the
structural basis for the substrate and double bond positional
specificities displayed by acyl-ACP desaturases. By
replacement of specific amino acid residues in a 6-palmitoyl
(16:0)-ACP desaturase with their equivalents from a 9-
stearoyl (18:0)-ACP desaturase, mutant enzymes were
identified that have altered fatty acid chain-length specificities
or that can insert double bonds into either the 6 or 9
positions of 16:0- and 18:0-ACP. Most notably, by replacement
of five amino acids (A18T/A200F/S205N/L206T/G207A), the
6-16:0-ACP desaturase was converted into an enzyme that
functions principally as a 9-18:0-ACP desaturase. Many of the
determinants of fatty acid chain-length specificity in these
mutants are found in residues that line the substrate binding
channel as revealed by X-ray crystallography of the 9-18:0-
ACP desaturase. The crystallographic model of the active site
is also consistent with the diverged activities associated with
naturally occurring variant acyl-ACP desaturases. In addition,
on the basis of the active-site model, a 9-18:0-ACP desaturase
was converted into an enzyme substrate preference for 16:0-
ACP by replacement of two residues (L118F/P179I). These
results demonstrate the ability to rationally modify acyl-ACP
desaturase activities through site-directed mutagenesis and
represent a first step toward the design of acyl-ACP
desaturases for the production of novel monounsaturated fatty
acids in transgenic oilseed crops.
May 1997. Proceedings of the National Academy of Sciences
USA.
n Hydrophobicity regained. P Andrew Karplus. Protein Sci.
6, 1302–1307.
A widespread practice is to use free energies of transfer
between organic solvents and water (G°transfer) to define
hydrophobicity scales for the amino acid sidechains. A
comparison of four G°transfer scales reveals that the values for
hydrogen-bonding sidechains are highly dependent on the
non-aqueous environment. This property of polar sidechains
violates the assumptions underlying the paradigm of equating
G°transfer with hydrophobicity or even with a generic
solvation energy that is directly relevant to protein stability
and ligand binding energetics. This simple regaining of the
original concept of hydrophobicity reveals a flaw in
approaches that use G°transfer values to derive generic
estimates of the energetics of the burial of polar groups and
allows the introduction of a ‘pure’ hydrophobicity scale for
the amino acid residues. 
June 1997. Protein Science.
n NMR identification of hydrophobic cavities with low
water occupancies in protein structures using small
gas molecules. Gottfried Otting, Edvards Liepinsh, Bertil
Halle and Urban Frey. Nat. Struct. Biol. 4, 396–404.
Magnetization transfer through dipole–dipole interactions
(NOEs) between water protons and the protons lining two
small hydrophobic cavities in hen egg-white lysozyme
demonstrates the presence of water molecules with
occupancies of ~10–50%. Similarly, NOEs were observed
between the cavity protons and the protons of hydrogen,
methane, ethylene or cyclopropane applied at 1–200 bar
pressure. These gases can thus be used as general NMR
indicators of empty or partially hydrated hydrophobic cavities
in proteins. All gases reside in the cavities for longer than 1 ns
in marked contrast to common belief that gas diffusion in
proteins is not much slower than in water. Binding to otherwise
empty cavities may be a major aspect of the anesthetic effect
of small organic gas molecules.
May 1997. Nature Structural Biology.
n Prediction of protein side-chain rotamers from a
backbone-dependent rotamer library: a new homology
modeling tool. Michael J Bower, Fred E Cohen and
Roland L Dunbrack. J. Mol. Biol. 267, 1268–1282.
Modeling by homology is the most accurate computational
method for translating an amino acid sequence into a protein
structure. Homology modeling can be divided into two sub-
problems: placing the polypeptide backbone and adding
sidechains. These authors present a method for rapidly
predicting the conformations of protein sidechains, starting
from mainchain coordinates alone. The method involves using
fewer than 10 rotamers per residue from a backbone-
dependent rotamer library and a search to remove steric
conflicts. The method is initially tested on 299 high-resolution
crystal structures by rebuilding sidechains onto the
experimentally determined backbone structures. A total of
77% of 1 and 66% of 1+2 dihedral angles are predicted within
40° of their crystal structure values. The method was then
tested on the entire database of known structures in the PDB.
The predictive accuracy of the algorithm correlated strongly
with the resolution of the structures. In an effort to simulate a
realistic homology modeling problem, 9424 homology models
were created using three different modeling strategies. For
prediction purposes, pairs of structures were identified which
shared between 30% and 90% sequence identity. One strategy
results in 82% of 1 and 72% of 1+2 dihedral angles predicted
within 40° of the target crystal structure values, suggesting that
movements of the backbone associated with this degree of
sequence identity are not large enough to disrupt the
predictive ability of the method for non-native backbones.
These results compared favorably with existing methods over a
comprehensive data set.
18 April 1997. Journal of Molecular Biology.
n On the theory of folding kinetics for short proteins. Vijay
S Pande, Alexander Yu Grosberg and Toyoichi Tanaka.
Fold. Des. 2, 109–114.
Recent data have suggested two principles that are central to
the work described here. First, proteins are the result of
evolutionary ‘sequence selection’ to optimize the energy of the
native state. Second, the overlap with the native state is a
qualitatively suitable reaction coordinate for modeling folding
kinetics. The former principle is bolder and better established.
Employing only these two principles, the authors have
constructed a non-phenomenological, correlated energy
landscape theory that predicts single barrier protein folding
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kinetics. Moreover, they are able to analytically describe the
nature of the free energetic barrier between the denatured and
native states of a protein and to detail the nature of folding
kinetics for short proteins. The model predicts Hammond
behavior and also describes how mutations can lead to drastic
differences in folding times. The authors find that folding and
unfolding kinetics can be characterized by a single
thermodynamic parameter and, moreover, that Monte Carlo
simulation data on folding and unfolding rates with different
temperatures and mutations collapse with this characterization.
The results also delineate a regime in which kinetics may
proceed via a single unique nucleus.
07 February 1997. Folding & Design.
n The future of protein secondary structure prediction
accuracy. Dmitrij Frishman and Patrick Argos. Fold. Des. 2,
159-162.
The accuracy of secondary structure prediction for a protein
from knowledge of its sequence has been significantly
improved by about 7% to the 70–75% range by inclusion of
information residing in sequences similar to the query
sequence. The scientific literature has been inconsistent, if not
negative, regarding chances for further improvement from the
vast knowledge to be provided by genome sequencing efforts.
By applying a prediction technique that is particularly sensitive
to added sequence information to a standard set of query
sequences with related primary structures taken from
chronologically successive releases of the SWISS-PROT
database, it is shown that prediction accuracy can be expected
to reach 80–85% with a large 10-fold increase in present
sequence knowledge. Even with present prediction
approaches, improvement in prediction accuracy can still be
expected, albeit limited to no more than 10%.
11 March 1997. Folding & Design.
n Amino acid substitutions preserve protein folding by
conserving steric and hydrophobicity properties. Istvan
Ladunga and Randall F Smith. Protein Eng. 10, 187–196.
The authors present a comprehensive analysis of amino acid
substitution patterns (sets of residues in a position of a
multiple alignment) and conservation of physicochemical
properties in alignments of protein sequences. Of the 1
million possible substitution patterns, only a few hundred
account for the majority of aligned positions. In these
substitution patterns, the authors analyzed the conservation
of 511 physicochemical and steric amino acid properties.
Highest conservation was observed in those steric and
transfer free energy related properties that are crucial for
folding. The best conserved steric properties include the
minimal width of the sidechains and their interactions with
other residues. Among the hydrophobicity-related properties,
charge and those properties that provide information on
propensities to form secondary structures or sidechain
conformation appear to be better conserved than pure
hydrophobicity measures. 
March 1997. Protein Engineering.
n A molecular clamp in the crystal structure of the N-
terminal domain of the yeast Hsp90 chaperone.
Chrisostomos Prodromou, S Mark Roe, Peter W Piper and
Laurence H Pearl. Nat. Struct. Biol. 4, 477–482.
Hsp90 is a highly specific chaperone for many signal
transduction proteins, including steroid hormone receptors and
a broad range of protein kinases. The crystal structure of the
N-terminal domain of the yeast Hsp90 reveals a dimeric
structure based on a highly twisted 16-stranded -sheet, whose
topology suggests a possible 3D-domain-swapped structure for
the intact Hsp90 dimer. The opposing faces of the -sheets in
the dimer define a potential peptide-binding cleft, suggesting
that the N domain may serve as a molecular ‘clamp’ in the
binding of ligand proteins to Hsp90.
June 1997. Nature Structural Biology.
n GroE modulates kinetic partitioning of folding
intermediates between alternative states to maximize
the yield of biologically active protein. Alexey N Fedorov
and Thomas O Baldwin. J. Mol. Biol. 268, 712–723.
The central issue of chaperone function is the mechanism
whereby partitioning of folding polypeptides along the
productive pathway may be maximized, while non-productive
folding pathways are minimized. The authors have found that
the GroE chaperone is capable of accelerating the rate of the
productive pathway of bacterial luciferase  heterodimer
formation. At intermediate temperatures, at which the
productive pathway and non-productive pathways leading to
dimerization-incompetent monomeric forms of the subunits
coexist, GroE enhances the yield of native enzyme while
minimizing the yield of misfolded protein. These results
suggest that GroE releases the subunits in forms capable of
achieving the native structure faster than the forms initially
bound by the chaperone. At higher temperatures, at which the
native enzyme is stable but the dimerization reaction is
diminished, GRoE is unable to force the productive folding
reaction to occur. However, the chaperone decreases the rate
of formation of the heterodimerization-incompetent species,
thereby enhancing the final yield of active enzyme when the
temperature is reduced to the permissive range. These results
suggest a mechanism by which the chaperone functions to
maximize the yield of the biologically active form of the
protein while maintaining or even accelerating the essential
rapid kinetics of folding reactions.
16 May 1997. Journal of Molecular Biology.
n Protein folding: how the mechanism of GroEL action is
defined by kinetics. Carl Frieden and A Clay Clark. Proc.
Natl Acad. Sci. USA 94, 5535–5538.
The authors propose a mechanism for the role of the bacterial
chaperonin GroEL in folding proteins. The principal
assumptions of the mechanism are (1) that many unfolded
proteins bind to GroEL because GroEL preferentially binds
small unstructured regions of the substrate protein, (2) that
substrate protein within the cavity of GroEL folds by the same
kinetic mechanism and rate processes as in bulk solution,
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(3) that stable or transient complexes with GroEL during the
folding process are defined by a kinetic partitioning between
formation and dissociation of the complex and rate of folding
and unfolding of the protein, and (4) that dissociation from the
complex in early stages of folding may lead to aggregation but
dissociation at a late stage leads to correct folding. The
experimental conditions for refolding may play a role in
defining the function of GroEL in the folding pathway. The
authors propose that the role of GroES and Mg⋅ATP, either
binding or hydrolysis, is to regulate the association and
dissociation processes rather than affecting the rate of folding.
May 1997. Proceedings of the National Academy of Sciences
USA.
n Chaperonin-mediated folding in the eukaryotic cytosol
proceeds through rounds of release of native and
nonnative forms. George W Farr, Elizabeth C Scharl,
Robert J Schumacher, Stacey Sondek and Arthur L
Horwich. Cell 89, 927–937.
The eukaryotic cytosolic chaperonin, CCT, plays an essential
role in mediating ATP-dependent folding of actin and tubulin.
There is debate about whether it mediates folding through a
single round of association followed by release of native forms,
or through cycles of binding and full release in which only a
fraction of released molecules reach native form in any cycle.
The authors examine the fate of newly synthesized substrate
proteins bound to CCT in reticulocyte lysate or intact Xenopus
oocytes. When a chaperonin ‘trap’, able to bind but not release
substrate protein, is introduced, production of the native state
is strongly inhibited, associated with transfer to trap. While
predominantly non-native forms of actin, tubulin, and a newly
identified substrate, G-transducin, are released from CCT, a
small fraction reaches native form with each round of release,
inaccessible to trap. This overall mechanism resembles that of
the bacterial chaperonin, GroEL.
13 June 1997. Cell.
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Amyloid fibril formation and protein
misassembly: a structural quest for insights into
amyloid and prion diseases [Minireview]. Jeffery
W Kelly (1997). Structure 5, 595–600.
A biopolymer by any other name would bind as
well: a comparison of the ligand-binding pockets
of nucleic acids and proteins [Minireview]. Kristin
A Marshall, Michael P Robertson and Andrew D
Ellington (1997). Structure 5, 729–734.
High-resolution icosahedral reconstruction:
fulfilling the promise of cryo-electron
microscopy [Ways & Means]. Erika J Mancini, Felix
de Haas and Stephen D Fuller (1997). Structure 5,
741–750.
RNA as a drug target [Crosstalk]. Neil D Pearson
and Catherine D Prescott (1997). Chemistry &
Biology 4, 409–414.
Protein transport: The nonclassical ins and outs
[Dispatch]. Ann E Cleves (1997). Current Biology
7, R318–R320.
Ribozymes: Red in tooth and claw [Dispatch].
Michael P Robertson and Andrew D Ellington
(1997). Current Biology 7, R376–R379.
Protein folding: Does diffusion determine the
folding rate? [Dispatch]. Thomas E Creighton
(1997). Current Biology 7, R380–R383.
RNA splicing: Out of the loop [Dispatch]. Andy
Newman (1997). Current Biology 7, R418–R420.
RNA editing: Rewriting receptors [Dispatch].
Mary A O’Connell (1997). Current Biology 7,
R4379–R439.
Eight reviews on aspects of Nucleic acids in the
June issue (No 3) of Current Opinion in Structural
Biology (1997), 7, 305–366. Edited by Eric
Westhof and Dinshaw J Patel.
Nine reviews on aspects of Sequences and
topology in the June issue (No 3) of Current
Opinion in Structural Biology (1997), 7, 367–427.
Edited by Amos Bairoch and Alexey Murzin.
